Functional analysis of cyclin D2 and p27(Kip1) in cyclin D2 transgenic mouse mammary gland during development.
Two mammary gland phenotypes were detected in pregnant MMTV-cyclin D2 transgenic mice; line D2-53 exhibited a lack of alveologenesis and failure to nurse, whereas line D2-58 featured a reduction in alveologenesis, but retained normal nursing behavior. In pregnant mammary glands, cyclin D2 protein levels were twofold (P<0.107) and 3.8-fold (P<0.0076) higher in line D2-58 and D2-53, respectively, compared to wild type. Concomitantly with the increase in cyclin D2 was a fivefold decrease in cyclin D1 hyper-phosphorylated isoform in mammary glands of pregnant cyclin D2-58 mice. Because cyclin D1 is a critical molecule in normal mammary lobuloalveolar development, these data suggest that overexpression of cyclin D2 may block mammary lobuloalveolar development through inhibition of cyclin D1 phosphorylation. During mammary gland development, p27(kip1) protein level oscillated in a similar profile in wild type and cyclin D2 transgenic mice, but was consistently higher in the cyclin D2 mice suggesting that p27(kip1) functions downstream of cyclin D2. The ratio of p27(kip1)-cdk4/p27(kip1)-cdk2 was 6.5-fold (P<0.0003) higher in cyclin D2 mammary glands compared to wild type in pregnant animals. This ratio reversed to 2.2-fold (P<0.005) higher in wild type compared to cyclin D2 mammary glands in involution suggesting that overexpression of cyclin D2 moderately induced apoptosis during pregnancy but accelerated involution. Collectively, the effects of cyclin D2 overexpression on mammary gland development during pregnancy and involution are attributed to two major factors, altered p27(kip1) protein level and inhibition of cyclin D1 phosphorylation.